Context: There are discrepancies regarding the efficacy of neural gliding exercises for the management of carpal tunnel syndrome (CTS). Objective: To conduct a systematic review assessing the efficacy of neural gliding in comparison to alternative nonsurgical treatment for the management of CTS. Evidence Acquisition: A computerized search was performed in April 2008. Criteria for inclusion required that studies (1) were written in English, (2) examined the efficacy of neural gliding techniques for treatment of CTS, and (3) included at least one of the selected patient-oriented outcomes. Effect sizes, relative risk, and 95% confidence intervals were calculated to compare neural gliding to alternative treatment. Evidence Synthesis: Six studies met inclusion criteria. For all variables, none were consistently favorable toward neural gliding over alternative treatment. However, comparisons across studies revealed a possible trend toward improved outcomes with the use neural gliding. Conclusions: The efficacy of neural gliding is not clear. More research is necessary to determine the population that may respond optimally to this treatment.
isometric finger flexion against resistance. 10 Athletes participating in sports that require such actions report a higher prevalence of CTS than sports that do not. Cycling, 9, 11 football, 8 golf, 9, 12 hockey, 5 lacrosse, 5 rock climbing, 13 weightlifting, 8 wheelchair athletics, 9, 14 and wrestling 8 are all sports that have been implicated as those with increased risk of CTS.
CTS is thought to be caused by compression on the median nerve resulting in ischemia or mechanical injury. 15 This condition may result from space-occupying lesions within the tunnel, such as cysts, tumors, osteophytes, fracture callus, or hypertrophic synovial tissue. It has also been tied to metabolic or systemic conditions such as thyroid disease, diabetes mellitus, rheumatoid arthritis, alcoholism, and pregnancy. 16 In addition to compression and systematic disease, CTS has also attributed to a decrease in longitudinal excursion of the median nerve as it passes through the carpal tunnel. [17] [18] [19] [20] [21] [22] 23 Neural gliding is a treatment technique that may improve symptoms related to CTS. There is evidence that median nerve excursion can be influenced by neural gliding techniques, as demonstrated in a cadaveric study. 24 Many conservative and post-operative interventions for the management of CTS include neural gliding exercises in order to improve nerve excursion. Sometimes referred to as "neural flossing" or "neurodynamic mobilization," the technique of neural gliding is movement based and attempts to take the nerve throughout the available range of motion, potentially affecting the nerve both mechanically and physiologically. 23, 24 Neural gliding may improve the actual excursion of the nerve, decreasing adhesions and reducing symptoms by allowing the nerve to move freely. This technique may also help to oxygenate the nerve, decreasing ischemic pain. Though these exercises are commonly prescribed, there has been little research performed to support their use and justify their clinical value.
Three previous systematic reviews [25] [26] [27] that included neural gliding were identified. Two systematic reviews were performed on the same two studies; 28, 29 however, differing conclusions were drawn. O'Conner et al 27 concluded there were no significant benefits to neural gliding, whereas Muller et al 26 recommended neural gliding for the benefit of reduced pain. A third systematic review by GoodyearSmith and Arroll 25 concluded that there was possible benefit in reduced rates of surgical intervention with the use of neural gliding. In evaluation of these three systematic reviews, we identified that there were additional research studies that examined the efficacy of nerve gliding exercises in the treatment of CTS that were not included in these previous reviews. We also recognized that these previous reviews offered few recommendations for future research in this area. The lack of converging conclusions of the three previous systematic reviews, as well as the addition of more current information to the scientific literature prompted the current systematic review.
Objective
The purpose of this systematic review was to answer the following clinical question: Does neural gliding enhance patient outcomes associated with CTS when compared to alternative nonsurgical treatment? We also intended to identify specific areas for future research of neural gliding exercises for the treatment of CTS.
Evidence Acquisition
Eight patient-oriented outcome measures were specifically chosen to reflect current clinical practice standards. Studies included in this sytematic review reported measures for at least one of the selected outcomes. Two studies provided outcomes for all eight measures.
Self-Reported Outcomes
Pain. Pain was scored using the Visual Analog Scale (cm). This has been determined to be a valid, reliable, and responsive clinical measure of pain. [30] [31] [32] [33] [34] Symptoms (SSS). Severity of symptoms was documented with the use of the Symptom Severity Scale (SSS). With the SSS, patients are asked to rate the severity of their symptoms related to CTS. The SSS has been determined valid, reliable, and responsive for the use in this population.
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Self-Reported Function. Self-reported function was measured with the use of the Functional Severity Scale (FSS). Patients rate the difficulty with which they were able to perform daily tasks. The FSS is valid, reliable, and responsive for the use of determining perceived functional status. 35 Self-reported function was also tested using the Box Test, for which the patient scores perceived ability to perform tasks.
Clinical Examination
Phalen's Test and Tinel's Test. Phalen's test is a clinical special test that evaluates the recreation of symptoms with passive compression of the median nerve with the wrist in hyperflexion and hyperextension. 36 With Tinel's test, the clinician attempts to recreate the symptoms of a neural pathology by tapping a superficial aspect of the nerve over the carpal tunnel. 36 These tests are a commonly used clinically for the detection of nerve pathologies.
Two-Point Discrimination
A measure of sensory acuity and light touch, two-point discrimination is tested by measuring the smallest distance a patient can perceive two pinpricks as separate units. This is a commonly used measure to determine the degree to which deficits exist in the sensory function of the median nerve.
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Strength
Grip Strength and Pinch Strength. Grip and pinch strength were evaluated with the use of dynamometry. Grip strength has been used as a functional assessment of the upper limb 38 and has been shown to be valid and reliable even among people with different grip spans. 39, 40 Pinch strength is a measure of the strength and coordination of the intrinsic and extrinsic muscles of the hand. It is also commonly used to assess motor function in patients with CTS. Searches included the key terms "nerve glides," "nerve gliding exercises," "nerve mobilization exercises," "upper limb neuropathy," "therapy," "entrapment neuropathy," "nerve gliding exercises" and "carpal tunnel decompression exercises."
Searches were limited to "human" and "English" studies reported in peerreviewed journals. A hand search for relevant citations was also performed on all retrieved studies. Studies were selected independently by two investigators (JM and KY). Studies were eligible for inclusion if they addressed neural gliding exercises for the treatment of CTS, included a comparison treatment group, and utilized at least one of the eight selected outcomes measures. To perform statistical analysis, it was necessary that the included studies provided means and standard deviations for all non-dichotomous outcomes.
Assessment of Methodological Quality
The methodological quality of each study was assessed independently by the investigators using the Physiological Evidence Database (PEDro) rating scale. Two researchers rated all studies independently. In the event of a conflict, a third party was consulted to determine the score.
Data Extraction
Means and standard deviations for both neural gliding and comparison groups were obtained for all continuous outcome measures. Certain studies 29, 41 made more than one comparison of neural gliding techniques with alterative nonsurgical treatments. These were treated as separate studies, as they were comparing different groups to the neural gliding exercises. Counts of success and failures were obtained for all dichotomous variables.
Statistical Analysis
For the continuous variables (pain, symptoms, self-reported function, 2-pt discrimination, grip strength, and pinch strength), effect sizes and 95% confidence intervals were calculated to determine the magnitude of the effect between the neural gliding groups and the comparison groups (true control or alternate therapy). Effect sizes were interpreted as <.4 is small, .4 to .7 moderate, and >.7 is large. 42 For the dichotomous variables (Phalen's test and Tinel's test), relative risk and 95% confidence intervals were calculated, along with the risk difference. Metaanalysis was not performed due to the heterogeneity of study design related to neural gliding exercise prescription, follow-up periods, and comparison (control) group courses of treatment. Effect sizes, relative risk, and risk differences were calculated in MATLAB (MATLAB R2007b, The Mathworks, Inc., Natick, MA). One investigator (JM) wrote the code for these calculations.
Levels of Evidence and Strength of Recommendation
The Oxford Centre for Evidence-based Medicine Levels of Evidence taxonomy, developed by Phillips et al, 43 was used as to characterize the quality, quantity, and consistency of the included studies. The level of evidence for the included studies and strength of recommendation for the use of neural gliding for the treatment of CTS was determined using these algorithms.
Evidence Synthesis Study Selection
The literature search resulted in 20 relevant studies. Six studies 28, 29, 41, [44] [45] [46] met the predetermined criteria and were included in this systematic review. The remaining 14 studies were excluded. Reasons for rejection included literature review, [47] [48] [49] [50] [51] clinical commentary, [52] [53] [54] [55] previous systematic review, [25] [26] [27] no comparison group, 56 cadaver studies, 24, 57, 58 and other studies that did not address neural gliding techniques for the treatment of carpal tunnel syndrome.
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Homogeneity
All groups of the included studies were similar at baseline. All patients were being treated for CTS. Mean ages of the groups were similar (neural gliding groups = 48.7 years, comparison treatment = 48.8 years). Duration of symptoms was not clearly defined; some studies reported mean duration across all subjects, some studies reported ranges of symptom duration. Symptom duration across all studies ranged from <6 months to >2 years. All studies used previously described techniques for mobilizing the median nerve; four studies 28, 41, 44, 45 used similar techniques as previously described, 46, 63 and one study 29 used the pattern of the Upper Limb Tension Test 2 for mobilization of the median nerve. There was variation across studies in regards to neural gliding exercise prescription, follow-up periods, and comparison (control) group courses of treatment. Please refer to Table 1 for subject demographics of included studies.
The interventions performed on the control groups were not standardized across studies. One study 29 used a true control and also a comparison was made to a carpal mobilization treatment group. Each was compared separately to neural gliding in this systematic review. Baysal et al 44 utilized splint + ultrasound as the control group for comparison to neural gliding. Three studies 28, 41, 45 used a splint only as the control group. Brininger et al 41 used two different types of splint; each of these was compared to neural gliding for this systematic review. Note. Exp = experimental; Cont = control; ** Information not specified; Sx = symptom All studies used at least one of the eight previously mentioned clinical outcomes. For all outcomes, except one (self-reported function in Tal-Akabi and  Rushton   29 ), similar assessment tools were administered across studies. In addition, all studies included at least one follow-up outcome measurement; however, there was a relatively short range of follow-up time periods (4 to 10 weeks). Although the outcome measures were similar across studies, only two studies incorporated all eight measures. In addition, the treatment of the control groups was not uniform across studies. The heterogeneity of the interventions utilized for the control groups, in addition to the limited number of comparable outcomes across studies, were the major factors in the decision to perform a systematic review, rather than meta-analysis. Please refer to Table 2 for individual study characteristics.
Methodological Quality and Study Characteristics
Each investigator independently scored the remaining studies utilizing Physiological Evidence Database (PEDro) rating scale. There was total agreement for PEDro scores of all reviewed studies. The highest PEDro rating was 5/10 and with an average of 4.6 among the included studies. Please refer to Table 2 for individual PEDro scores for each included study.
Data Synthesis
Self-Reported Outcomes (Pain, SSS, FSS) and Two-Point Discrimination. Figure  1 illustrates the effect sizes and 95% confidence intervals for self-reported outcomes and two-point discrimination. For the outcome of pain, three 29, 45 out of four 29, 44, 45 comparisons demonstrated weak to strong (effect sizes ranged from -.3 to -2.1) effect sizes that favored neural gliding. Only one comparison 29 (Tal-Akabi: neural gliding vs. true control), which was favorable to neural gliding, also demonstrated a 95% confidence interval that did not encompass zero. For reported symptom severity, only one 28 out of four 28, 41, 44 comparisons demonstrated moderate, but favorable, effects for neural gliding, with wide 95% confidence intervals that encompassed zero (effect sizes ranged from -.4 to .1). Four studies 28, 29, 41, 44 made six comparisons that included the outcome of self-reported function during patient assessment. Five 28, 29, 41, 44 of these six demonstrated weak to strong effects that favored neural gliding (effect sizes for all six comparisons ranged from -1.3 to .3). Of these, two demonstrated moderate to strong effects and 95% confidence intervals that did not encompass zero. For two-point discrimination, one 28 of two studies 28,44 demonstrated moderate effect sizes that favored neural gliding; however, the 95% confidence interval encompassed zero.
Strength (Grip Strength and Pinch Strength).
The effect sizes and 95% confidence intervals for the outcomes of grip strength and pinch strength are shown in Figure 2 . The specific testing position was not described in three 28, 44, 45 of the four 28, 41, 44, 45 studies that included pinch strength. In the study by Brininger et al, 41 three different positions were specified and tested for pinch strength. The effect sizes and confidence intervals for all three positions are represented in Figure 2 . For the nine comparisons of pinch strength in four studies 28, 41, 44, 45 that utilized pinch strength as an outcome, all demonstrated weak to moderate effects that favored neural gliding; however, only one 41 (Brininger: neural gliding vs. splint 2) demonstrated a 95% confidence interval that did not encompass zero. For grip strength, 
Levels of Evidence and Strength of Recommendation
A summarization of evidence of these lower quality clinical trials and a cohort study is limited to level 2-b and 3-b Evidence. The Strength of Recommendation for the use of neural gliding is grade B. We base this recommendation on the poor methodological quality of the included studies and inconsistencies in the effects of neural gliding over alternative nonsurgical treatment.
Discussion
The purpose of this systematic review was to determine the efficacy of neural gliding for the treatment of CTS. Although previous systematic reviews have been performed on this topic, we felt justified to conduct a more comprehensive analysis that included the most current available evidence. New studies 41, 44, 45 were included in the current systematic review that were not included in any of the three previous reviews. In addition, we also performed an objective comparison of the studies by calculating effect sizes and risk ratios of the results, resulting in more unbiased conclusions in the current systematic review. This was not done for the systematic reviews by Muller et al 26 and Goodyear-Smith et al. 25 Most importantly, we believe that we have identified areas that may have obscured the true efficacy of neural gliding in these previous clinical trials and make recommendations for further research to help identify better application for neural gliding in the treatment of CTS.
Results of the current systematic review demonstrate weak to strong effect of neural gliding exercises with benefits seen across all outcome measures. Comparisons across studies suggest a benefit of neural gliding exercises for CTS; however, the efficacy remains unclear due to 95% confidence intervals that encompass zero across all outcome measures. Calculated risk ratios for Phalen's test were biased slightly, but not definitively, toward favoring neural gliding. Risk ratios for Tinel's test did not demonstrate any favorable trend toward treatment or no treatment. The contribution made by neural gliding exercises to a combination treatment approach is unknown. However, based on the trend toward improved outcomes with the inclusion of neural gliding, we conclude that neural gliding is better than no treatment. Three previous systematic reviews [25] [26] [27] that included neural gliding were identified. O'Connor et al 27 and Muller et al 26 each performed systematic reviews that included the same two studies 28, 29 and each made opposing conclusions based on study results.
O'Connor et al 27 concluded no significant effect of neural gliding for the treatment of CTS. In contrast, Muller et al 26 included the same two studies 28, 29 and concluded that a neural mobilization was more effective in relieving pain than no treatment. Muller et al 26 explained this discrepancy by post-hoc analyses of the data to identify specific group differences that were not reported by Tal-Akabi and Rushton. 29 From these post-hoc analyses, it was identified that the neural gliding group did perform significantly better than the no treatment group. These post-hoc analyses to identify group differences were not performed by O'Connor et al, 27 which explains the discrepancy in the conclusions for these systematic reviews. This particular review provided good documentation of research study quality to determine level of evidence; however, it did not provide clinically meaningful standardized values to compare across studies. The third review 25 only included one study 46 that addressed neural gliding exercises and found no significant change in Phalen's or Tinel's tests results, however, and concluded that neural gliding may be an effective nonsurgical treatment for CTS.
The benefit of neural gliding may be best identified within a specific subpopulation of CTS patients. It is possible that neural gliding may be more effective in a population with less advanced CTS. Of the studies reviewed, only two 41, 45 specifically stated that severe CTS was an exclusion criterion. Their exclusion of the worst cases of CTS into the trials was likely done to avoid a wash out effect of any possible benefits of neural gliding. This decision captures the clinical reasoning that conservative treatment is directed at patients with mild to moderate symptoms in order to delay or prevent disease progression and subsequent surgical interventions. For patients with severe CTS, surgical intervention may be the only effective treatment option to alleviate compression of the median nerve and reduce disease progression. To identify the population that may respond optimally to this conservative treatment intervention, future studies should stratify the patient population by severity or progression of the disease.
Identifying the specific pathogenesis of CTS may be important in determining the true efficacy of neural gliding exercises. The following three etiologies are suggested to cause CTS by eliciting compression of the neurovascular system as it passes through the carpal tunnel: (1) ischemia, (2) a decrease in longitudinal excursion of the median nerve, and (3) mechanical compression or injury to involved carpal structures.
CTS caused by ischemia may be positively affected by treatment with neural gliding exercises. Nerves are sensitive to prolonged ischemic states due to the high demand of circulating oxygen. 64 Neural gliding exercises may relieve ischemic pain by contributing to the delivery of oxygenated blood to the median nerve at its distal site within the wrist and hand.
In a recent study, 23 Hough et al identified, with the use of Doppler ultrasound, that limited longitudinal excursion of the median nerve exists in patients with CTS. There is also evidence that median nerve excursion can be influenced by neural gliding techniques, as demonstrated in a cadaveric study. 24 The results of these studies lend credibility to the use of movement-based interventions such as neural gliding exercises. Moreover, the use of Doppler ultrasound may be clinically useful in identifying patients who may respond favorably to neural gliding.
Finally, the etiology of mechanical compression should be examined. The hypothesis that biomechanical factors cause CTS is well accepted. Factors include intrinsic characteristics such as bony and soft tissue structural variations within the carpal tunnel as well as extrinsic factors such as prolonged, awkward postures of extreme wrist angles. Clinical reasoning supported rest and splinting as an intervention for this etiology, as opposed to neural gliding exercises; however, it is possible that neural gliding exercises may also benefit patients with mechanical compression of the median nerve.
Improvements in diagnostic medicine will lead to better and more parsimonious rehabilitation programs. Clinicians will be able to more judiciously prescribe neural exercises to patients who are likely to benefit based on etiology, rather than prescribing the exercises based only on symptoms. This would be a significant contribution to evidence based rehabilitation science; however, at this current time, more research is needed to identify better clinical prediction rules and to more closely examine pathogenesis of CTS. The use of neural gliding in relation to each of the above etiologies is discussed below.
The incorporation of neural gliding exercises should also be considered from a cost-benefit perspective. The monetary and temporal cost of performing these exercises is minimal. Incorporating these exercises into a home exercise program is cost-effective and may improve a patient's symptoms and function. In addition, the practice of incorporating neural gliding exercises, in combination with other interventions, may delay the need for surgery. 25 
Recommendations for Future Research
The most current and best available evidence in regard to neural gliding exercises for treatment of CTS comes from few uncontrolled, randomized clinical trials, incomplete systematic reviews, and anecdotal clinical evidence. Future recommendations for research include well-controlled randomized clinical trails, longer follow-up periods, and high quality research on combination treatment. Blinding of patients, clinicians, and administrators is often difficult in physical rehabilitation studies, and investigators will have to be more creative and improve methods of blinding within studies in order to reduce potential study bias. The studies included in this systematic review reported outcomes for a relatively short period of time after treatment. How long does this treatment last, and can it eliminate the need for surgical intervention on a patient, are questions that need to be answered. It is likely that neural gliding exercises will be included in an effective rehabilitation program, designed to improve symptoms and function in a specific CTS population. The use of neural gliding exercises as a prophylactic measure for athletes at a higher risk for CTS should also be examined. More high-quality research should be directed at identifying the best combinations of treatments and identifying the patient populations that will most benefit from these interventions.
In addition, more uniform control and reporting of the protocols followed by both the neural gliding and comparison groups are needed. For the neural gliding group, well-defined treatment protocols should be used by all subjects throughout the study. For the comparison groups, more control standardized procedures are needed during which the subjects are not receiving a treatment that may confound results. Although it is ethically difficult to deny standard treatment to CTS patients, more uniform control treatment will allow investigators to identify the best combination of treatments for CTS. We recommend splinting as an ethical and traditional form of control treatment for CTS that has also been determined to be efficacious.
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Conclusions
It appears that neural gliding exercise may aid in the reduction of symptoms and improvement in function in patients with CTS; however, the relatively weak response in the sample incorporated in our analysis does not provide sufficient reason to recommend these exercises as the best available nonsurgical treatment of CTS.
While the efficacy of neural gliding techniques for the treatment of CTS is not clear, trends toward pain and symptom reduction, improved sensation, and improved function and strength, combined with the low monetary and temporal cost of the treatment, make this treatment a reasonable option for clinicians in treating individuals with this disorder.
Practice Recommendations
• Neural gliding exercises may provide short-term improvement in pain, function, and strength. • It is likely that patients with carpal tunnel syndrome (CTS) will benefit from the addition of neural gliding to standard treatment for CTS.
• The efficacy of neural gliding for treatment of less severe cases is unknown.
Future research should incorporate the stratification of patients by severity.
